ABSTRACT
Crypt abscesses (CAs), collections of inflammatory cells within the crypt lumens of glandular mucosa in the tubular gastrointestinal tract, are a well-recognized histologic finding in surgical pathology. The classic "neutrophilic CA" (NCA) is a collection of intracryptal neutrophils responding to active inflammatory processes such as infection or inflammatory bowel diseases (IBDs). 1 Similar structures can be seen in disease states in which prominent epithelial apoptosis is a feature, such as graft vs host disease (GVHD), acute cellular rejection (ACR), autoimmune enteropathy, viral infections such as cytomegalovirus (CMV) enteritis, 2 and injury by certain drug agents such as mofetil. 3, 4 In these settings, crypt lumens are filled with sloughed apoptotic epithelial cells/debris, a finding we refer to as an apoptotic crypt abscess (ACA).
While ACAs bear histologic similarities to NCA, there are morphologic differences between the two, and the underlying pathophysiology leading to their formation is disparate. For example, while NCAs often originate in the setting of necroinflammatory damage, ACAs may signify injury via cell-mediated immunity. As such, their distinction may prove diagnostically useful.
While ACAs have likely long been recognized by surgical pathologists, features discriminating ACAs and NCAs have not been well described, nor has a systematic evaluation of their use as a diagnostic tool been performed. It is our aim to elucidate the histologic features of ACAs (specifically the differentiation from NCAs). We used immunophenotyping of the structures as a "gold standard" in an effort to determine whether they can be reliably distinguished through examination of routine H&E-stained sections. We then attempted to ascertain whether their distinction correlated with specific clinicopathologic diagnoses.
Materials and Methods
One institution's anatomic pathology database was queried for endoscopically obtained mucosal biopsy specimens from the gastrointestinal tract accessioned between January 2005 and December 2010 that mentioned the presence of CA anywhere in the surgical pathology report. When necessary, the clinical history was reviewed to determine the most likely clinicopathologic diagnosis.
The diagnostic H&E-stained slides for each case were pulled and three serial sections were prepared from the remaining paraffin-embedded material from each. The first two were stained using antibodies against cleaved caspase 3 (CC3) (PP 229 AA clone, 1:300 dilution; Biocare, Concord, CA) and myeloperoxidase (MPO) (IR511 Ready-to-Use clone; Dako, Carpenteria, CA) with a Dako Autostainer according to manufacturer specifications. The final section underwent H&E staining. Only cases with at least one residual CA in the last H&E section were included. Each biopsy specimen was then categorized by the type of CAs present in the original diagnostic slide and final serial H&E section by a pathologist who was blinded to the original diagnosis.
NCAs were defined as clusters of at least three uniformly shaped inflammatory cells in crypts with clear to slightly eosinophilic cytoplasm that contained multilobated basophilic nuclei, with each lobe being of roughly equivalent size. The adjacent epithelial cells typically retained their columnar shape and often demonstrated intraepithelial neutrophils with varying degrees of active inflammation in the surrounding lamina propria ❚Image 1❚.
ACAs were characterized by collections of at least three fragments of pleomorphic cellular debris/sloughed viable cells with crypt lumens. The intracryptal cells were of varying size, with occasional fragments having a densely eosinophilic cytoplasm. Nuclear material, when present, was pleomorphic or demonstrated pyknosis/karyorrhexis. Often, the nearby crypt epithelium was flattened to cuboidal, with the immediately adjacent crypt epithelial cells being of normal height ("Jack Sprat" crypts). Epithelial apoptotic bodies were noted in other areas of the biopsy specimens ❚Image 2❚. Mixed crypt abscesses (MCAs) were cells within a crypt lumen comprising a mixture of neutrophils with at least one cell with densely eosinophilic cytoplasm or that contained variably sized nuclear fragments ❚Image 3❚.
Immunostains for MPO and CC3 were then reviewed for each case to classify the type of CA blinded to diagnosis. An NCA was defined as intraluminal cells that stained with MPO but not CC3 ❚Image 4❚. In contrast, ACAs showed cytoplasmic positivity for CC3 but not MPO in cells within the crypt lumens ❚Image 5❚. MCAs contained cells that were positive for both CC3 and MPO within the same lumen ❚Image 6❚. CAs containing immunohistochemical evidence of both NCAs and ACAs were classified as mixed. Only definitive moderate to strong cytoplasmic staining in cells with concordant nuclear morphology was considered positive.
The overall classification of CA type using both methods was compared. In addition, the type of CA seen by both methods was compared with the reported diagnosis. A case was classified as containing NCAs or ACAs if these were the only type of CA present. Ones with either solely MCAs or mixtures of NCAs or ACAs in the same biopsy specimen were classified as having MCAs. Statistical analysis was performed using Fisher's exact test, where appropriate.
Results
The presence of a "crypt abscess" was noted in the surgical pathology report for 90 cases. Of these, 31 were ❚Image 1❚ Neutrophilic crypt abscess characterized by a collection of neutrophils within the crypt lumen. Note the intraluminal cells are fairly uniform, contain nuclei with lobes of roughly equivalent shape, and have pale to lightly eosinophilic cytoplasm. Active inflammation is noted nearby (H&E, ×400).
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Talmon et al / Apoptotic crypt Abscesses excluded; 29 did not have residual crypt abscesses in the final H&E-stained section, and in two, the CAs were composed solely of eosinophils. The remaining 59 were as categorized as follows using the original pathologic diagnosis: 33 cases of IBD (both cases of ulcerative colitis and Crohn disease), five cases of ACR, 14 cases of GVHD, five cases of CMV enteritis, and two drug reactions (mycophenolate mofetil).
By H&E staining, 21 cases contained only ACAs, 24 solely had NCAs, and nine demonstrated MCAs, broken down by diagnosis as listed in ❚Table 1❚. With the use of CC3 and MPO staining, 12 contained only pure ACAs, 24 cases had only NCAs, and 18 were classified as having MCAs. Following examination of the immunoperoxidase stains, 32 cases were completely concordant with the H&E classification of the type of CA as in Table 1 . Most (62%) of the H&E-identified ACAs contained at least one MPO-positive cell on immunohistochemical analysis and were subsequently reclassified as MCAs.
H&E identification of cases containing only "pure" NCAs correlated well with the immunohistochemical findings; the immunostains supported the H&E impression in 83%. Conversely, the minority of biopsy specimens believed to have pure ACAs by routine histology (24%) contained only CC3-positive cells. However, if cases were classified as having either "pure" NCAs or not (ACAs or MCAs; ie, the presence of any apoptotic cell(s)/debris within a crypt abscess), correlation was seen 46 instances, as shown in ❚Table 2❚ (85%, P < .01).
Most cases of IBD demonstrated only NCAs (82% by H&E and 76% by immunohistochemistry), with the presence of pure ACAs being at best rare (4% by routine histology and no cases identified by CC3 staining). Only one ACR and three GVHD cases contained "pure" NCAs by H&E and MPO and CC3 immuno staining. Most cases of drug-induced injury, ❚Image 2❚ Apoptotic crypt abscesses were apparent in the background of "Jack Sprat" fat and thin crypts: the structures were surrounded by epithelial cells with flattened epithelium (arrows) with the adjacent crypts' epithelium retaining a columnar shape (A, H&E, ×20). The luminal contents consisted of more variably sized, sloughed epithelial cells with densely eosinophilic cytoplasm and/or pyknotic nuclei and karyorrhectic debris. The latter is distinguished from neutrophils by the pleomorphism of the fragments and heterogeneity of the nuclei (B, H&E, ×400).
❚Image 3❚ Mixed crypt abscesses were those intraluminal structures containing a mixture of neutrophils (arrow) and apoptotic cellular debris (arrowhead, H&E, ×400 
Discussion
We provide one of the first dedicated descriptions of a well-recognized (but often unreported) histologic finding: the apoptotic crypt abscess. While this structure is similar in appearance to the prototypic NCA, some features allow its distinction by routine H&E staining. The differential diagnosis engendered by the identification of an ACA warrants its recognition. NCAs tend to be seen in the setting of necroinflammatory injury to the colonic mucosa and are usually present in the background of significant active inflammation and neutrophilic cryptitis, with or without evidence of chronicity. While affected crypts may show rupture or reactive cytologic changes in epithelial cells, the cells surrounding the abscess retain their columnar shape. In addition, the intracryptal cells are entirely composed of uniform-appearing, multilobated neutrophils.
ACAs, however, are usually seen in pathologic states characterized by cell-mediated immune action or other
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❚Image 4❚ "Pure" neutrophilic crypt abscesses were composed of only myeloperoxidase-positive cells (A, ×400) and were devoid of definitive strong cleaved caspase 3 staining (B, ×400).
❚Image 5❚ "Pure" apoptotic crypt abscesses were negative for definitive strong cytoplasmic myeloperoxidase staining (A, ×400) and demonstrated only cleaved caspase 3-positive cells (B, ×400).
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Talmon et al / Apoptotic crypt Abscesses states that induce cell suicide. From low power, the mucosa demonstrates epithelial injury concentrated in the deeper portion of crypts with the adluminal surface being relatively spared. Scattered throughout many of the fragments of tissue were crypts displaying a pattern that we refer to as a "Jack Sprat" appearance, as in the common nursery rhyme:
Jack Sprat could eat no fat.
His wife could eat no lean. And so between them both, you see, They licked the platter clean.
Here, crypts containing ACAs are lined by flattened ("lean") epithelial cells flanked by crypts with cells that retain a columnar phenotype ("fat"; Image 2A). There is usually a paucity of active inflammation in the ❚Image 6❚ A case was considered to have mixed crypt abscesses if a mixture of myeloperoxidase-positive (A) and cleaved caspase 3-positive cells (B) were seen in one crypt lumen or if one case contained both types of pure abscess (×400). surrounding mucosa unless there is erosion or ulceration. Nearby epithelial apoptosis can also be found in adjacent crypts. The intracryptal cellular material is typically composed of sloughed cells with pyknotic nuclei or variably sized fragments of karyorrhectic debris. Both immunoperoxidase and H&E staining revealed that some CAs demonstrated a "mixed" phenotype, containing both neutrophils and degenerating cells. In addition, occasional cases contained both "pure" ACAs and NCAs. Often, both scenarios with MCAs were seen in areas with markedly active chronic colitis and prominent epithelial injury or in the setting of erosion/focal ulceration in the background of prominent apoptotic injury.
The cellular mechanisms behind the formation of the two structures are disparate. Apoptosis typically results from the action of intrinsic and extrinsic activation of cell suicide pathways often carried out by caspases and other related enzymes. These proteases do not play a prominent role in inflammatory processes generally associated with neutrophils. 4, 5 Antibodies have been developed to the active form of one of the final effectors in the apoptotic pathway, caspase 3. In theory, immunostaining using these antibodies should not mark neutrophils, even if they are present, as supported by several studies. [6] [7] [8] Using this, we attempted to determine whether H&E staining can reliably differentiate NCAs from ACAs in routine surgical pathology material. We used commercially available antibodies to staining for MPO and CC3 as a "gold standard" to highlight neutrophils and cells undergoing apoptosis, respectively. Complete concordance between the two methods of abscess categorization occurred in only 57% of cases examined. More than half of ACAs were reclassified as MCAs based on the presence of at least one MPO-positive cell. Four H&E-designated NCAs contained all CC3-positive cellular material. One ACA recognized by H&E showed staining characteristics of an NCA (all MPOpositive cells).
Multiple possible reasons for the difference in abscess classification between the two methods exist. It may be that the constituents of the CA actually differed between serial sections. For example, a neutrophil could have been present in deeper sections, not seen in the H&E slides due to sampling error. Furthermore, differentiating apoptotic cells from neutrophils via H&E staining could prove to be difficult in some instances. Depending on the stage of apoptosis, degenerating chromatin fragments could appear quite similar to a neutrophil's segmented nucleus, especially at low magnifications.
It is also likely that the composition of crypt abscesses may not always be pure. A rare neutrophil may be present in an otherwise obvious ACA due to localized epithelial discontinuity and the resulting localized inflammatory stimulus or if the process is complicated by ulceration/erosion. Vice versa, an occasional epithelial cell in the setting of prominent acute inflammation may undergo apoptosis due to intrinsic mechanisms. This is supported by the large number of clear-cut ACAs identified in H&E sections that immunostaining classified as MCAs.
If one were to classify crypt abscesses as those made up of at least some easily identifiable apoptotic fragments by H&E staining (combining MCAs and ACA) vs pure NCAs, agreement between the methods of evaluation would be noted in 85% of cases. This suggests that the presence of apoptotic cellular debris can be reliably recognized by conventional staining and MCAs/ACAs differentiated from pure NCAs. As such, CC3 and MPO staining is likely not indicated in daily practice for this purpose.
Our second aim was to determine if the recognition of the types of CA present in a biopsy specimen was diagnostically useful. By H&E staining, NCAs were the predominant type of abscess seen in IBD (23 of 29 cases in which they were encountered) and not in GVHD or drug injury. Similarly, in only one instance was an ACA noted in a clinically suspected IBD case. Immunostaining revealed almost identical findings, with no ACAs noted in IBD and NCAs only being found in three GVHD cases. In total, crypt abscesses containing apoptotic material were present in 18% of IBD and 96% of non-IBD cases by H&E and 21% of IBD and 89% of non-IBD cases studied by immunoperoxidase staining.
These results indicate potential utility in evaluating the composition of crypt abscesses by H&E staining to suggest the etiology of colitis. IBD may be more likely in cases where only "pure" NCAs are identified. The identification of solely ACAs suggests an alternate differential diagnosis, such as drug injury or viral infection in the nontransplant setting. Finally, while MCAs (either a combination of NCAs or ACAs in one case or CAs with both neutrophils and apoptotic cells) were present in material from each diagnosis, they were a finding that was much more common outside of IBD.
For the purpose of this study, we chose to define all cases with either mixed cellular constituents within one
Talmon et al / Apoptotic crypt Abscesses CA or those containing both ACAs and MCAs in the same material as MCAs. Further subclassification of the predominant cell type, such as "neutrophil-dominant MCA," was not performed. It was felt that evaluation for the presence of any apoptotic cells in a CA, no longer describing these instances as "pure" NCAs, would be of greater utility for potential application in generating potential differential diagnoses in daily practice.
In conclusion, we have presented a description of an ACA, a finding not uncommonly encountered in surgical pathology material. These structures are often found in the setting of crypt-predominant epithelial injury and "Jack Sprat" crypts at scanning magnification with epithelial apoptosis in adjacent crypts. Pure ACAs are composed entirely of apoptotic cellular structures without neutrophils. We further demonstrated that many ACAs contain at least rare neutrophils/MPO-positive cells, so-called MCAs. Despite this, these two structures can be reliably distinguished from pure NCAs by H&E staining. While NCAs are almost exclusively identified in cases of active mucosal inflammation (such as IBD), the presence of ACAs and/or crypt abscesses containing collections of easily discerned apoptotic cells by H&E staining should prompt the surgical pathologist to consider an alternate differential diagnosis.
